A neutron monochromator system is described which provides a choice of seven wavelengths in the range 0-88 to 2.63 A and a facility for changing rapidly from one to another. Symmetrical transmission geometry is used for reflexions in the [110] zone of a "squashed' germanium crystal and the wavelength is changed by a simple rotation of the crystal in its own plane. Experimental studies have confirmed the advantages which such a system can have for powder diffraction measurements when different experiments have different requirements in terms of the sin 0/2 range and the angular resolution.
Introduction
The resolution of neutron diffraction peaks from a powder sample depends on two main factors: the geometrical separation of the scattering angles (20) , which is a function of the wavelength used, and the resolution properties of the diffractometer (see, e.g. Cooper, 1968 ). Since the wavelength will determine the value of the scattering angle for a particular reflexion there will be a definite wavelength for which the resolution will be optimized for a given problem, the value of this wavelength depending on the range of sin 0/3. required and on the focusing properties of the diffractometer. For example, the use of a long wavelength may be extremely advantageous when only peaks at small sin 0/3. values are to be studied and the angular separation of these can be increased without a corresponding broadening arising from the dependence of the instrumental resolution on the scattering angle. Loopstra (1966) has described in some detail the advantages of using a wavelength of about 2.6 A. However, data can only be collected over a small range in sin 0/). at 2.6 and a diffractometer set up permanently for use at this wavelength would be unsuitable for many problems. Thus an ideal situation would be one in which the user has a convenient choice of wavelengths available to him. This note describes a system which provides a choice of seven wavelengths in the range 0"88 to 2.63 A and a facility for changing rapidly from one wavelength to another.
Multi-wavelength system
One of the most convenient ways of providing a useful choice of wavelengths is to use a monochromator cut perpendicular to a suitable zone axis, so that it can be used in symmetrical transmission and simply rotated in its own plane to change the wavelength. A new mounting was therefore designed for the monochromator crystal in which one arc of the normal two arc goniometer-is replaced by a ring which is driven by a stepping motor and can rotate through 360 ° in its own plane (Fig. 1) . The monochromator is mounted inside the ring and coplanar with it, so that it is convenient to use a disc-shaped crystal slightly smaller than the ring. The orientation of the zone axis can be adjusted to lie exactly in the plane containing the incident and desired diffracted beam directions by means of the single arc movement A. The Bragg scattering angle (0,,,) is set by rotating the whole assembly in the normal manner (B) and any required reflecting planes in the zone can be selected by rotating the supporting ring to the appropriate setting (C). Stepping pulses for rotation of the ring are fed also into a bi-directional scalar and if a suitable position is taken as a reference this then gives a direct indication of the orientation within the zone. A selection of driving speeds allows a rapid and accurate change of orientation within the zone to be made. Thus, once the monochromator has been aligned initially, the wavelength can be changed easily within a very few minutes.
One major problem arising in the use of wavelengths of about 2-5 A is the high incident flux for wavelengths of 3./2 and 3./3. However, if we use the 111 reflecting planes of a germanium crystal there will be no 3./2 contamination, since 222 is a forbidden reflexion, and we need only consider the reduction of the unwanted )./3 component. Tests of samples of pyrolytic graphite were carried out and a sample supplied by the Union Carbide Corporation as having its c axes aligned within a range of 3 to 5 ° was found to be very satisfactory as a ,;./3 filter for a primary wavelength of 2-63 .~. The measured 'mosaic spread' of the sample was approximately 4 ° (full-width at half-height). 4"5 cm of this pyrolytic graphite would reduce the intensity of the 111 (3./3) peak for nickel to less than 1% of the intensity of the 111 (3.) peak with only a 20 % reduction in the latter. This corresponds to a contribution of less than ½% to any incident I,~-~ arising from a 3h,3k,31 (,;./3) reflexion having a structure factor equal to that of the hkl reflexion.
The take-off angle (20,,) for a wavelength of 2-63 .~ from the 111 reflexion of germanium is 47.5 ° and it is most convenient, in this case, to use a crystal cut perpendicular to a [110] zone axis. The other reflexions in this zone which give wavelengths of greater than 0.85 A at this take-off angle are then 220 (1.61 A), 311(1.37 A), 400(1.14 A), 331(1.04 A), 422(0.93 ,~) and 511(0.88 /~). The even-index reflexions will contain a 2/2 component, but this was found to be negligible except for the 220 reflexion, for which the same pyrolytic filter can be used, if required. However, the possibility of 2/2 contamination can be excluded by considering only the odd-index (111, 311, 331 and 511) reflexions which will still provide a useful selection of wavelengths.
Experimental study
Single crystals of germanium, as grown, exhibit a very high degree of perfection and are therefore unsuitable as neutron monochromators for normal applications because of their extremely narrow mosaic spread. The 'squashing' procedure used by Barrett, Mueller & Heaton (1963) , as adapted at Brookhaven National Laboratory (see Cooper & Nathans, 1967) , to distort relatively perfect germanium crystals has been found to produce crystals which have mosaic spread values of up to about 0.3 ° . However, it is apparently difficult to achieve the necessary conditions for a large uniform distortion and it is usual to find that the mosaic spread is considerably less than this value and also varies from one reflexion to another within the crystal.
A number of 'squashed' [110] discs of germanium were studied using an unsquashed disc of germanium as a monochromator and a parallel (focusing) geometry with a fixed take-off angle (20,,) . Only one of these crystals was found to have mosaic spread values for any of the required reflexions of more than 0.1 ° full-width at half-height and the mosaic spread and peak reflectivity values for reflexions from this crystal are listed in Table 1 , together with the wavelength for each measurement. Apart from 331 and 220 all these reflexions have reasonably large mosaic spreads (0.19 to 0.23 °). The peak reflectivity is also quite high (20 to 45 %), except for the 511 reflexion for which the wavelength dependence reduces it to about 9 %. The relative intensity obtainable at the various wavelengths was investigated by measuring the intensity of th~ 111 peak from a nickel powder sample with the squashed germanium crystal as the monochromator. The observed integrated intensities were divided by the counting time per point in order to place the measurements on the same relative scale. The results are listed in Table 2 , together with the derived sF2 values, where s is a scaling factor appropriate to each measurement, F is the structure factor and I= sF2 cosec 20.
The quantity sF2 is independent of 20 and thus gives a more significant comparison between the various wavelengths, being a measure of the relative rate with which the value of F2 can be determined to a given precision. The narrow mosaic spread of the 331 reflexion for this particular crystal causes an appreciable loss of intensity at 1 "04 ,~ compared with the other wavelengths, and a smaller loss occurs for the 220 reflexion. If the observed sF 2 values are increased to allow for these losses the sF 2 values then vary almost linearly with wavelength over the range 0"88 to 1-61 ,~, varying by a factor of more than 20 over this range. The reduction in the incident flux beyond 1 "6 A results in a much smaller increase in sF 2 at 2"63/~,.
The choice of wavelength for a given problem will depend on the range of sin 0/2 required, but it is clear that it will normally be advantageous in terms of both intensity and resolution to use as long a wavelength as possible within the range considered. The monechromator system described here provides an immediate choice of a number of wavelengths and a very convenient means of changing from one wavelength to another. X-ray powder data for the compound U3Si have been obtained from an alloy prepared by arc melting uranium and silicon followed by a 7 day anneal at 800°C. The d spacing determinations have been extended into the back reflection to a 20 value of 167.4 °. The observed relative intensities are compared with calculated values.
Zachariasen (1949) reported the room temperature crystal structure of U3Si was body-centered tetragonal of space group I4/mcm-D]~ and Laue-symmetry group 4/mmm. More recently Blum, Silvestre & Vaugoyeau (1965) and Walker (private communication) have redetermined the values of the lattice parameters. Since all these results were limited to 20 values up to 61 °, the present work was undertaken to extend the range to 167 ° The U3Si was prepared from uranium and silicon by arc hkl Obs melting followed by a 7 day anneal at 800°C. The chemical 002 4.291 )k and spectrographic analysis gave the Si concentration as 110 4.218 3.81 wt% and the total impurities as 784 ppm. The major ll2 3.027 impurities were C-320, Fe-217, 200 2= 1"5405 A,) , was used. The X-ray 400 1.504 film of 16 hours exposure is reproduced as Fig. 1 18-6 17-1 33-0 7.6 2-6 9.3 4.1 3-2 5-7 5"1 5-7 3-7 13-3 5"5 2-9 1 "4 32"2 26-8 13"7 12.1 3"3 1-2 1.0 9-4 0"5 3"0 4-2 3"0 4"6 3.8 j 1.1 / 0.5 
